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© Document reading apparatus, for producing elec- 
trical signals representative of information present on 
a main face of a document includes feeding means 
(31), for moving such a document (15) towards a 
predetermined reading location in the apparatus, and 
a sensor device (32), disposed at a detecting loca- 
tion upstream of the said reading location, for detect- 
ing passage of a leading edge part of the document 
(15) across the said detecting location towards the 
said reading location. Optical reading means (11, 12, 
13. 14) produce electrical signals representative of 
such information on that portion of the document 
(15) which is currently at the said reading location, 
and control means (21, 22, 23) initiate operation of 
the reading means upon expiry of a preset delay 
time after such passage of the said leading edge 
part across the said detecting location. 

The apparatus is operable in a calibration mode 
wherein, when a calibration document (C) bearing 
predetermined calibration information (3) is fed into 
the apparatus, such electrical signals derived from 
the said calibration information (3) are employed by 
calibration circuitry (21 , 23) of the apparatus to mea- 
sure displacement of the said leading edge part (4) 
of the calibration document (C) from the said reading 
location upon expiry of the said pres t d lay time. 
The magnitude of the preset delay time is then 
modified in dependence upon the measur ment re- 
sult. 

Such calibration can serve to reduce such dis- 



placement of the leading edge part of a document 
read in a subsequent reading operation. 
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AUTOMATIC CALIBRATION OF DOCUMENT READING APPARATUS 



The present invention relates to automatic cali- 
bration of document reading apparatus, and in par- 
ticular to a method and apparatus for use, for 
example in facsimile or copying equipment, to ad- 
just a read start position of a document to be read. 

Facsimile and copy machines are widely used 
in various fields. In almost all of these devices, the 
document is automatically transported by feeding 
means from an insertion portion of the device and 
is read by an optical read means mounted therein. 

In general, the optical read means is con- 
stituted by some basic structural elements, i.e. a 
light source for irradiating the document, a reflec- 
tion mirror for receiving a reflected light from the 
document, a collection lens for collecting the re- 
flected light, and a CCD (charge coupled device) 
for converting the reflected light to an electrical 
signal. 

There are, however, some mechanical installa- 
tion errors caused by inevitable limitations in the 
precision of the manufacturing process employed 
to mount the elements constituting the optical read 
means. 

These installation errors can result in read po- 
sition errors when scanning a document. Accord- 
ingly, it has heretofore been attempted to precisely 
adjust the installation positions so as correct such 
mechanical installation errors. 

Embodiments of first and second aspects of 
the present invention can provide an apparatus and 
a method, respectively, for automatically adjusting 
a read start position of a document to be read. 

An embodiment of a first aspect of the present 
invention can provide an apparatus for adjusting 
the read start position of a document to be read, 
the apparatus including: a read unit having at least 
a transportation element for transporting the docu- 
ment to be read, a detection switch for detecting a 
top of the document, and an optical read unit for 
reading the document; and a control unit having a 
memory for storing a reference read start time and 
a corrected read start time, a timer for counting the 
reference read start time, and a correction unit for 
correcting the reference read start time; wherein 
the control unit corrects the reference read start 
time in such a way that, in a read position adjusting 
mode set prior to an actual read operation of the 
document, a test chart is inserted into the trans- 
portation element, an actual read line provided on 
the test chart is detected and an error between the 
actual read line and a reference read line provided 
on the test chart is obtained, a time lag is cal- 
culated from the above error and the reference 
read start time is corrected based on the time lag. 

In one embodiment, the test chart has a cut 



portion provided at the center of the top of the test 
chart, the cut portion having a bottom reference 
line, and two slanted reference lines each having a 
predetermined angle from the top of the cut por- 
5 tion, the two slanted reference lines being colored 
black. 

An embodiment of a second aspect of the 
present invention can provide a method for adjust- 
ing the read start position of a document to be 

70 read; the document being inserted into a read unit 
having at least a transportation element for trans- 
porting the document to be read, a detection switch 
for detecting the top of the document, and an 
optical read unit for reading the document; and a 

75 read operation for the document being controlled 
by a control unit having a memory for storing a 
reference read start time and a corrected read start 
time, a timer for counting the reference read start 
time, and a correction unit for correcting the refer- 

20 ence read start time; the method including: setting 
a read position adjusting mode in a manufacturing 
process prior to an actual read operation of the 
document, inserting a test chart into the transporta- 
tion element, detecting cross points between an 

25 actual read line and a reference read line each 
provided on the test chart, and obtaining an error 
between these lines, calculating a time lag from the 
above error and correcting the reference read start 
time based on the time lag, and storing the cor- 

30 rected read start time in the memory, the corrected 
read start time being used for detecting the read 
start position in a normal read operation mode after 
completion of the read position adjusting mode. 
Reference will now be made, by way of exam- 

35 pie, to the accompanying drawings; in which: 

Figs. 1 and 2 each show a schematic side- 
elevational view of optical read means for use in 
a document reader; 

Fig. 3 is a side-elevational view of parts of a 

40 document reader; 

Fig. 4 is a view for explaining data reading 
errors in the document reader shown in Fig. 3; 
Fig. 5 is a schematic block diagram of apparatus 
for adjusting a read start position embodying the 

45 present invention; 

Fig. 6A is a plan view of a part of a test chart for 
use with embodiments of the present invention; 
Fig. 6B is a graph illustrating the amount of light 
received from the test chart of Fig. 6A at dif- 

50 ferent positions across a light detecting element 
(CCD) in the optical reading means; and 
Fig. 7 is a flowchart of a method for adjusting a 
read start position embodying the present inven- 
tion. 

Before describing the preferred embodiments, 
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an explanation will be given of mechanical installa- 
tion errors and problems caused thereby in an 
optical read means. 

Figures 1 and 2 are views for explaining me- 
chanical installation errors in an optical read 
means. In Figs. 1 and 2, reference number 11 
denotes a CCD (charge coupled device) for con- 
verting a reflected light to an electrical signal. 12 a 
collection lens for collecting the reflected light, 13 a 
reflection mirror for changing a light path to the 
collection lens, and 14 a light source for irradiating 
a document 15. 

The document to be read is transported in a 
direction shown by an arrow, this transportation 
direction of the document 15 being called a sub- 
scanning direction. The light source 14 irradiates 
the document 15, the light reflected from the docu- 
ment 15 is collected by the collection lens 12 
through the reflection mirror 13, and the collected 
light is received by the CCD 11. The CCD 11 
converts the reflected light to an electrical signal in 
a main-scanning direction, i.e., transversely to the 
transportation direction of the document 15. 

In Fig. 1, when the CCD is mounted in the 
normal position (a), the read operation of the docu- 
ment 15 is started from the normal read position as 
shown by a solid line. However, when the CCD is 
erroneously mounted in the position (b), the read 
operation of the document 15 is started from the 
erroneous read position as shown by a dotted line. 

In Fig. 2, when the reflection mirror 13 is 
mounted at the normal angle (a), the read operation 
of the document 15 is started from the normal read 
position as shown by a solid line. However, when 
the reflection mirror 13 is erroneously mounted at 
the position (b), the read operation of the document 
15 is started from the erroneous read position as 
shown by a dotted line. Accordingly, an error in the 
read start position caused by the mechanical in- 
stallation occurs in both cases. 

Figure 3 shows a schematic view of parks of a 
document reader. In Fig. 3, reference number 31 
denotes a document transportation element, and 32 
a document detection switch. When the document 
15 is transported by the transportation element 31 
in the direction of the arrow, the detection switch 
32 detects the end of the document 15. 

In the Figure 3 document reader, the read 
operation of the document 15 is started after the 
elapse of a predetermined time just after the detec- 
tion of the document 15 by the detection element 
32. That is, the time is counted after detection of 
the document 15, and the read operation is started 
after an elapse of the predetermined time. In this 
cas , the read start time is fixedly defined based 
on the amount of movement of th document 15 
just after the detection by the switch 32. As ex- 
plained above, the r ad start position is defined by 



a fixed tim . 

Figure 4 is a view for explaining problems in 
the document reader shown in Fig. 3. When the 
mechanical installation error shown in Rgs. 1 and 2 

5 occurs in the CCD 11 and the reflection mirror 13, 
a data error occurs causing the top of the docu- 
ment not to be read, and a blank portion at the 
bottom of the document occurs at the end of the 
read operation. To reduce such problems, the-in- 

w stailation positions of the CCD 1 1 and the reflection 
mirror 13 can be adjusted in the manufacturing 
process with a view to obtaining a correct normal 
read position. 

In a facsimile apparatus, however, very high 

75 precision is required in the mechanical installation 
of the optical read means. For example, it is neces- 
sary to keep the installation error of the CCD lower 
than 0.1 mm in the manufacturing process. Further, 
it is very difficult to maintain uniform quality in the 

20 manufacturing process because of the fine adjust- 
ments required. 

Figure 5 is a schematic block diagram of an 
apparatus for adjusting a read start position accord- 
ing to the present invention. The apparatus is con- 

25 stituted by a read unit 1 and a control unit 2. The 
mechanical structure of the read unit 1 is the same 
as the Figure 3 document reader i.e. the read unit 
1 is constituted by the CCD 11, the collection lens 
12, the reflection mirror 13, the light source 14; the 

so document transportation element 31 and the docu- 
ment detection switch 32. 

In the Figure 5 document reader the read start 
time for the document is variable and is corrected 
by using a test chart in the read position adjusting 

35 mode prior to the actual read operation. That is, the 
read position adjusting mode is set in the manufac- 
turing process or in a maintenance process of the 
apparatus to correct the reference read start time. 
In this case, the read start time is adjusted based 

40 on an error between an actual read line and a 
reference read line of the test chart. Accordingly, it 
is possible to easily coincide the read start position 
with the top of the document without fine mechani- 
cal adjustment of the CCD 11 and the reflection 

45 mirror 13 as explained in detail hereinafter. 

Preferably, the control unit 2 is constituted by a 
microprocessor including a storage unit (memory) 
21, a time counting unit (timer) 22 and a correction 
unit 23. The memory 21 stores a control program 

so for adjusting the read start position and correcting 
the read start time. Further, the memory 21 stores 
a reference read start time and a corrected read 
start time as explained in detail hereinafter. 

Figure 6A is a view for explaining a test chart 

55 for use with an embodiment of the present inven- 
tion, and Figure 6B is a graph illustrating the rela- 
tionship between an amount of received light and a 
position on the CCD. 
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In the Fig. 6A, the test chart C is inserted to 
the transportation element 31 in the direction of the 
arrow. As shown in the drawing, the test chart 
comprises a cut portion (1 ) in the center of the test 
chart C and the cut portion (1) has a rearward 
reference line (4). Further, the test chart comprises 
two slanted reference lines (3) each having an 
angle $ from forward points (2). These lines (3) are 
colored black. 

When the test chart C is inserted into the 
transportation element 31 , the rearward reference 
line (4) of the cut portion (1) is used as the refer- 
ence read line and is detected by the detection 
switch 32. Accordingly, the rearward reference line 
(4) corresponds to the leading edge of the docu- 
ment 15. The slanted reference lines (3) are used 
for calculating the time of the error between rear- 
ward reference line (4) and the actual read line. 

In Fig. 6B, the ordinate denotes the amount of 
the received light at the CCD and the abscissa 
denotes the position on the CCD. For example, 
when the actual read line is positioned to X, the 
amount of light received by the CCD is consider- 
ably reduced at the positions labelled X1 and X2 
because the reference read line is black so that the 
reflected light is reduced. In this case, when a 
pattern of Rg. 6B is displayed on a CRT, it is 
possible to detect distances a1 and a2 from a 
center line L of the CCD. 

Further, hints of intersection between the rear- 
ward line (4) and the reference lines (3) are given 
by "mi" and "m2", respectively, the distances 
n b1 " and "b2" between the center line L and each 
point of intersection ml and m2 being fixed. 

Accordingly, the difference between a1 and b1 
and the difference between a2 and b2 represent 
the error E between the actual read line X and the 
rearward reference line (4). Further, it is possible to 
detect a slanting of the document based on the 
difference between the distances a1 and a2. 

Figure 7 is a basic flowchart illustrating the 
operation of the control unit 2 shown in Fig. 5. 
First, the read position adjusting mode is set by an 
operator sin the manufacturing process (step 1), 
and the test chart C is inserted into the transporta- 
tion element 31 (step 2). As explained above, the 
control unit 2 is constituted by a microprocessor 
including the memory 21, the timer 22 and the 
correction unit 23. The memory 21 stores a control 
program for adjusting the read start position and 
correcting the read start time. Further, the memory 
21 stores a reference read start time and a cor- 
rected read start time. 

When the document detection switch 32 de- 
tects the bottom referenc line (4) of the test chart 
C (step 3), data regarding the reference read start 
time is read from the memory 21 , and th timer 22 
starts to count the reference read start time. When 



the count of the reference read start time is com- 
pleted, the control unit 2 starts to read the data 
from the CCD 1 1 . In this case, the first one line of 
data is read from the CCD 11 to analyze and 
5 correct in the correction unit 23 as follows. 

In steps 4 and 5, calculation and correction of 
errors are performed as follows. 

First, the correction unit 23 detects the points 
X1 and X2 each indicating the cross point between 
70 the reference line (3) and the actual read line X. 

Next, the correction unit 23 detects the dis- 
tances a1 and a2 from the center line L 

Next, the correction unit 23 performs following 
calculation. 
75 T1 = (b1 - a1)tan0 + V (1) 
T2 = (b2 - a2)tane + V (2) 
Tc = Tref t (T1 + T2)/2 (3) 
where, T1 and T2 are time lags, 
b1, b2, and 6 are fixed values as previously ex- 
20 plained, 

Tc is the corrected read start time, 
Tref is the reference read start time, and 
V is a transportation speed of the document. 

Finally, the memory 21 stores the corrected 
25 read time Tc. 

In the formulae (1) and (2), "(b1 - a1)tane" and 
"(b2 - a2)tane" correspond to the error E between 
the rearward reference line (4) and the actual read 
line X shown in Rg. 6A. Accordingly, the trans- 
30 portation time, i.e., the time lag (i.e., T1 and T2) is 
given by a calculation of E/V. 

As shown in formula (3), total time of the error 
is given by a mean value. Accordingly, the cor- 
rected read time Tc can be obtained by the for- 
35 mula (3). 

As is obvious, when there is a difference be- 
tween the time T1 and the time T2, this difference 
represents the slanting of the document. 

In step 6, when the read position adjusting 
40 mode is completed, the apparatus is changed to a 
normal read operation mode to read the document 
as explained hereinafter. That is, the operation of 
the control unit 2 at the normal operation mode is 
explained hereinafter. As explained above, this 
45 mode is performed after completion of the read 
position adjusting mode. In Rg. 5, when the docu- 
ment 15 is inserted into the transportation element 
31, the document 15 is automatically transported 
and detected by the detection switch 32. When the 
so detection of the document is input to the control 
unit 2, the corrected read start time To is read out 
from the memory 21, and the timer 22 starts to 
count the corrected read start time To. When the 
corrected read start tim Tc is completed, at the 
55 same time, the read operation from the CCD 1 1 is 
started. 

In the Rg. 5 docum nt reader, as explained 
above, the read position adjusting mode is selected 
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during the manufacturing process of the apparatus, 
i.e. before any actual read operation (i.e., normal 
read operation) of the document. In the read posi- 
tion adjusting mode, the read start time is cor- 
rected by using the test chart so as to coincide the 
top of the document with the read start position at 
the actual read operation. Accordingly, it is not 
necessary to precisely adjust the mechanical in- 
stallation position of the CCD and the reflection 
mirror. 

Further, although one pattern of the test chart 
is shown in Fig. 6A as one example, it will be 
readily apparent that other suitable patterns can be 
used. 

Document reading apparatus embodying the 
present invention can also be applied to a copy 
machine having the same optical read means as 
that of the facsimile apparatus described above. 



Claims 

1. Document reading apparatus, for producing elec- 
trical signals representative of information present 
on a main face of a document including: 
feeding means (31), for moving such a document 
(15) towards a predetermined reading location in 
the apparatus; 

a sensor device (32), disposed at a detecting loca- 
tion upstream of the said reading location, for de- 
tecting passage of a leading edge part of the 
document (15) across the said detecting location in 
the direction towards the said reading location; 
optical reading means (11, 12, 13, 14) arranged to 
receive light, when the apparatus is in use, from 
that portion of the document (1 5) which is currently 
at the said reading location and operative to pro- 
duce electrical signals representative of such in- 
formation on that portion; and 
control means (21, 22, 23), operative in depen- 
dence upon the said sensor device (32), and in- 
cluding a timing device (22), for initiating operation 
of the reading means upon expiry of a preset delay 
time after such passage of the said leading edge 
part across the said detecting location; 
characterised in that there is provided in combina- 
tion with the said apparatus a calibration document 
(C) bearing predetermined calibration information 
(3), and in that the apparatus is operable in a 
calibration mode wherein, when the calibration doc- 
ument is fed into the apparatus, such electrical 
signals derived from the said calibration information 
(3) are employed by calibration circuitry (21 , 23) of 
the apparatus to measure displac ment of the said 
leading edge part (4) of the calibration document 
(C) from the said reading location upon expiry of 
the said preset delay time, whereafter the calibra- 
tion circuitry operates in dependence upon the 



measurement result to change the magnitude of 
the preset delay time so that such displacement of 
the leading edge part of a document read in a 
subsequent reading operation is reduced as com- 
5 pared with the measured displacement. 

2. Document reading apparatus as claimed in claim 

1, wherein the said calibration information com- 
prises two lines (3), extending over the said main 
face of the calibration document (C), such that the 

w distance between those lines, as measured per- 
pendicular to the said direction, varies progres- 
sively in the said direction. 

3. Document reading apparatus as claimed in claim 

2, wherein the said leading edge part (4) of the 
r5 calibration document (C) is recessed back from 

adjacent forward edge portions of that document, 
and the said two lines (3) extend, from the said 
forward edge portions respectively, at opposite 
sides of that leading edge part (4). 
20 4. An apparatus for adjusting a read start position 
of a document to be read, said apparatus compris- 
ing: 

read means having at least a transportation ele- 
ment for transporting the document to be read, a 
25 detection switch for detecting a top of the docu- 
ment, and optical read means for reading the docu- 
ment; and 

control means having storage means for storing a 
reference read start time and a corrected read start 

30 time, time counting means for counting the refer- 
ence read start time; and correction means for 
correcting the reference read start timel wherein 
said control means corrects the reference read 
start time in such a way that, in a read position 

35 adjusting mode set prior to an actual read opera- 
tion of the document, a test chart is inserted to the 
transportation element, an actual read line provided 
on the test chart is detected and an error between 
the actual read line and a reference read line 

40 provided on the test chart is obtained, a time lag is 
calculated from the above error and the reference 
read start time is corrected based on the time lag. 

5. An apparatus as claimed in claim 4, wherein said 
test chart comprises a cut portion provided at the 

45 center of the top of the test chart, the cut portion 
having a bottom reference line, and two slanted 
reference lines each having a predetermined angle 
from the top of the cut portion. 

6. An apparatus as claimed in claim 5 wherein said 
50 two slanted reference lines are colored black. 

7. A method for adjusting a read start position of a 
document to be read; said document being in- 
serted into a read means having at least a trans- 
portation element for transporting the document to 

55 be read, a detection switch for detecting a top of 
the document, and optical read means for reading 
the document; and a r ad operation for the docu- 
ment being controlled by control means having 
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storage means for storing a reference read start 
time and a corrected read start time, time counting 
means for counting the reference sread start time, 
and correction means for correcting the reference 
read start time; said method comprising; 5 
setting a read position adjusting mode in a manu- 
facturing process prior to an actual read operation 
of the document, 

inserting a test chart into the transportation ele- 
ment. 10 
detecting cross points between an actual read line 
and reference read line each provided on the test 
chart, and obtaining an error between these lines, 
calculating a time lag from the above error and 
correcting the reference read start time based on 75 
the time lag, and 

storing the corrected read start time in the storage 
means, the corrected read start time being used for 
detecting the read start position is a normal read 
operation mode after completion of the read posi- 20 
tion adjusting mode. 
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Fig. 3 
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Fig. 5 
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Fig. 7 
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